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INTRODUCTION
Dacryocystorhinostomy (DCR) is an operation performed for
the treatment of nasolacrimal duct obstruction. It was initially
described as an endonasal procedure by Caldwell (1) in 1893.
Due to the technical inadequacies of equipment at that time an
external procedure was described 11 years later by Toti (2). This
has undergone a number of refinements over the years and is
considered the gold standard operation with success rates of
more than 90% reported in the literature (3-5).

The first modern day endonasal approach was described in
1989 by McDonogh and Meiring. A number of techniques for
exposure of the sac have been reported including cold steel
with or without powered drills and lasers (Argon, KTP, CO2)
(6,7) used endonasally or transcanallicularly. Up until now, with
these varied techniques, results from endonasal DCR have
been inconsistent (56 to 96%) (8,9). The mechanical endonasal
powered DCR as described by Wormald (10) proposes excellent
results approaching those of conventional external DCR tech-
niques.

The initial description of McDonogh and Meiring’s modern
technique set the trend of nasolacrimal duct exposure with the
anatomical location described anteriorly behind the frontal
process of the maxilla and posteriorly behind the lacrimal
bone. In all cases exposure of the sac has been recommended
from the axilla of the middle turbinate superiorly down to the
top of the inferior turbinate (11).

Recently it has been demonstrated that the nasolacrimal duct
does not lie in the position previously described, but a signifi-
cant proportion of it is situated above the axilla of the middle
turbinate (12). Through a series of CT Dacryocystograms it was
established that the lacrimal sac lay 8.8 mm above and 4.2 mm
below the axilla. It is believed that current techniques were
only opening the lower portion of the lacrimal sac, and thereby
accounting for the higher failure rates. 

Wormald (10) proposed a new technique of powered endonasal
DCR later coined “Mechanical Endonasal DCR (MENDCR)
with mucosal flaps” (13). With an improved understanding of
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the anatomy, results equalling that of the external approach
were reported. The key points in technique were the creation
of a large nasal ostium and opening the entire length of the
lacrimal sac such that the entire sac was marsupialised and lay
open like the pages of a book. Powered instrumentation is
used to remove the thick bone from the frontal process of the
maxilla and the exposure is continued above and anterior to
the middle turbinate. The sac is opened with a sharp DCR
blade with accurate apposition of nasal mucosa to the opened
lacrimal sac. Ideally the large sac opening should allow direct
inspection of the common cannaliculus opening.

There have been no reports of the validity of MENDCR as a
surgical technique in the treatment of acquired epiphora other
than that of the original authors. We performed our study in
order to assess whether MENDCR was an effective and repro-
ducible technique and furthermore assessed patient acceptabil-
ity of the procedure. We report a series of patients who have
undergone this technique with both short and medium term
results.

MATERIALS AND METHODS
Design
A retrospective series of consecutive patients who underwent
primary and revision DCR were included in the study between
March 2003 and July 2007. The details of these patients were
collated in a computer database. All patients were reviewed in
a joint Otorhinolaryngology - Ophthalmology Lacrimal Clinic.
On initial assessment all patients included had anatomical
obstruction on syringing or functional obstruction on scintil-
lography. There were 38 patients (12 male and 26 female) who
underwent 37 primary and 7 revision procedures (5/7 had their
primary surgery in a different unit). Sixteen patients had a left

DCR, twenty a right and four bilateral. Mean age was 67.0
years (range 16.6–97.5)

Procedure 
At the time of operation the intranasal anatomy was assessed
and if surgical access limited by a septal deviation then a limit-
ed endoscopic septoplasty was performed. A degree of septal
deviation is extremely common and in our assessment if we
cannot clearly visualise the axilla of the middle turbinate we
would routinely perform an endoscopic access resection, rather
than a formal septoplasty. This occurred in at least 50% of
cases. The technique for MENDCR is as described by Tsirbs
and Wormald (13) and points of note in the surgical technique
are described in Table 1. All procedures were performed or
supervised by the senior author (SN).

Follow-up
Initial follow up was at 6 weeks postoperatively. After remov-
ing O’Donoghue tubes under direct vision, objective success
was determined by visualising a well-healed marsupialised
ostium (Figure 1) and noting the free flow of fluoroscein from
eye to nose (Figure 2). Subjective success was reported by the
improvement of patient symptoms. Unlike many other studies,
the operation was only deemed a success if both objective and
subjective criteria were met.

Medium term follow-up was by telephone interview with the
patient. Mean length of follow-up was 25.2 months (range 7-
50). Table 2 demonstrates the standard questions asked at
interview, and this aimed to ascertain subjective success and
patient acceptability of the procedure.

RESULTS
At initial follow-up a well healed ostium was seen in 42 out of
44 cases (95%). Postoperative scarring had stenosed one ostium
and in another it was partly obstructed by a mucopyocele. In
both cases there was no flow of fluoroscein into the middle

Table 1. Key points in surgical technique.
Septoplasty required in up to 50% of cases
Mucosal incision on lateral nasal wall and creation of posterior based 
flap

Thin lacrimal bone elevated and inferior portion of frontal process of 
maxilla removed with Hajek-Kofler punch

Powered drill equipment (diamond tipped DCR burr) required to drill 
out superior portion of maxilla

Full exposure of the lacrimal sac including fundus of sac
Routine exposure of agger nasi cell (if present)
Sharp dissection to open lacrimal sac with DCR sickle knife
Apposition of lacrimal sac mucosa with nasal mucosa leading to
healing by primary intention

Superior and inferior flap replaced
Insertion of O’Donoghue tubes

Table 2. Standard questions asked at telephone interview.
What were your symptoms before surgery?
What were your symptoms after surgery?
Are your symptoms Better/Same/Worse?
Would you have the operation again?

Figure 1. Left DCR site demonstrating a well healed, marsupialised

ostium. 
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meatus after a drop instilled into the eye and symptoms had
not improved. Both failures were following primary DCR and
underwent successful revision surgery. In a further two cases
there was a well healed ostium, but no flow of fluoroscein.
Both of these cases, however, reported symptomatic improve-
ment. This gave an overall success rate of 40 of 44 (91%). Table
3 summarises the results following surgery. There were no
patients lost to follow-up.

Two patients had complications; one suffered a postoperative
secondary haemorrhage that was treated conservatively with
Merocel® (Medtronic Xomed, Jacksonville, FL) nasal packing.
The patient did not require further treatment and was dis-
charged two days later. In another case there was a postopera-
tive infection that was treated with intravenous antibiotics,
which also settled acutely. This patient’s symptoms persisted
with a recurrent mucopyocele and required further surgery. On
medium-term follow up one patient noted that although her
symptoms had completely resolved, she complained of air
blowing up through into her eye when she blew her nose as a
result of air passing through the naso-lacrimal ostium.

The results of telephone follow up can be seen in Table 4.
Thirty-six of the thirty-eight (95%) patients reported a subjec-
tive improvement in their symptoms. The two who did not
note an improvement believed their symptoms to be the same
as before. In no cases were symptoms worsened by the proce-
dure. 

Patient acceptability of the procedure was high (34/38, 90%),
and only two would not have the procedure again. This was
due to failure of their initial procedure and the need for revi-
sion surgery, even though their revision surgery was successful
both objectively and subjectively. 

DISCUSSION
The traditional operative treatment for adult nasolacrimal duct
obstruction has been External DCR (EXT-DCR). Although
initially described by Caldwell (1) in 1893 as an endonasal tech-
nique, limitations with the equipment at that time led to the
abandonment of the procedure after Toti described the first
external DCR 11 years later (2). This developed into the gold
standard technique, traditionally performed by ophthalmolo-
gists with success rates reported as high as 93% to 95% (3-5).

After improvements with camera equipment and instruments,
the first modern endonasal DCR was described by McDonogh
(11) in 1989. This technique used cold steel to puncture the
nasolacrimal duct directly through the thin lacrimal bone and a
guillotine to remove maxillary bone. The boundaries for dis-
section were the axilla of the middle turbinate superiorly to the
top of the inferior turbinate. Endonasal DCR had the theoreti-
cal advantages of approaching the lacrimal sac from the nasal
side, thereby avoiding the traditional risks of an external
wound and disruption of the lacrimal pump.

Comparison with Modern Day DCR Techniques
Since then a number of modifications have been proposed
including the use of powered and laser equipment. Current
techniques can be separated into Traditional Cold Steel
Endonasal DCR (EN-DCR) (14), Endonasal Laser DCR (ENL-
DCR) (6,7), Modified Cold Steel Endonasal DCR and
Mechanical Endonasal DCR with Mucosal Flaps (13).

Traditional Cold Steel DCR
Success rates following traditional cold steel EN-DCR have
been variable. A prospective randomised controlled trial com-
paring external and endonasal DCR by Hartikainen et al. (15)

demonstrated success rates of 91% and 75% respectively.
Although not statistically significant the results indicated at the
time that external DCR was still the superior technique. No
other randomised trials have been identified but a number
comparative series’ have been reported with differing out-
comes and these are summarised in Table 5. As early as 1994,
a series was reported by Weidenbecher (17) who performed a
cold steel DCR on 56 patients with an extremely high success

Table 3. Results following surgery (n=44).
Subjective success 42 (95%)
Objective success
Patencey of nasal ostium 42 (95%)
Free flow of fluoroscein 40 (91%)

Overall success 40 (91%)

Table 4. Results of telephone interview (n=38).
Better Same Worse

3. Symptoms 36 (95%) 2 (5%) 0 (0%)

Yes Don’t Know No
4. Would you have 34 (90%) 2 (5%) 2 (5%)
the operation again?

Figure 2. Left DCR site demonstrating fluoroscein flow through the

ostium after instillation of a drop into the eye.
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rate of 95% as determined by complete or partial resolution of
symptoms. Other early series were not able to produce quite as
impressive results. Sprekelsen et al. (9) reported a series of 152
endonasal DCR’s with a success rate of 85.5% determined by a
subjective outcome described as “very good”. Cokkeser et al.
(16) described a comparative study of 79 external and 51
endonasal DCR’s with success rates of 89.8% and 88.2% respec-
tively. Eloy et al. (18) reported 28 cases of endonasal DCR in
which 23 (89%) were free from epiphora or much improved at
postoperative review. Fayet (22) performed DCR with uncinec-
tomy in 100 patients using a 3.2 mm protected drill bit
(Medtronic Xomed) to remove bone from the maxillary bone.
However, in only 68% of cases as reported by the authors, was
this particular drill bit suitable and tough enough to drill
enough bone. Nevertheless the results were good with 86%
free of symptoms, and of those 98% had a patent intranasal
ostium. In those that failed there was no patency of the naso-
lacrimal pathways. Onerci (23) reported an interesting study
comparing experienced with inexperienced surgeons perform-
ing DCR. The success rates between the two groups of 108 and
50 patients respectively were 94.4% and 58% indicating that
excellent results are obtainable with cold steel, however there
is an appreciable learning curve.

Endolaser DCR
Endonasal Laser DCR has not been shown to be as efficacious
as external DCR. Another randomised controlled trial by
Hartikainen et al. (19) comparing external and endonasal laser
DCR gave success rates of 91% and 63% respectively with a sta-
tistically significant difference in outcome noted. Further stud-
ies have confirmed this result with results ranging from 56% to
71% (8,20).

Improved anatomical understanding 
An updated appreciation of the surgical anatomy has led to a
new surgical approach. Anatomical studies (12) have demon-
strated that the lacrimal sac does not lie in the position previ-
ously thought. Using a series of CT Dacryocystographs, the
lacrimal sac was identified to lie 8.8 mm above and 4.1 mm
below the insertion of the middle turbinate with a significant
part above the entry point of the common cannaliculus. Thus,
much of the sac lies behind the frontal process of the maxilla.
This improved understanding of the lacrimal sac anatomy has
led to an endonasal approach that aims to reproduce the expo-
sure achieved with the external approach. In addition the appo-
sition of mucosal flaps allows mucosal healing by primary
intention akin to suturing in the external approach.

Mechanical Endonasal DCR
The technique of MENDCR (13) has reported results that are
comparable to the external procedure at medium term follow-
up. The success rate to both subjective and objective criteria
was 89%, with an anatomical patency of the ostium of 85%.
Advantages of this technique include creation of a large nasal
ostium by opening the entire length of the sac. It is necessary
to use powered drill equipment and by using a diamond tipped
burr it is possible to remove enough bone and expose the sac
in its entirety. The high-speed 2.5 mm 20 degree angled dia-
mond burr (Medtronic Xomed) is less traumatic if the burr
head comes into contact with the surface of the sac. The cre-
ation of a large mucosal flap which can be trimmed to size in
order to cover the exposed bone and sac allows for accurate
apposition of nasal mucosa to lacrimal sac mucosa and thus
creates a well marsupialised ostium with a decreased risk of
stenosis. 
The MENDCR is different from the standard and modified
cold steel technique in using a high speed burr to access the
fundus of the sac. We have found using rongeurs difficult to
engage in this region where access is tight. We think that it is
crucial to have the sac exposed at this point so that a complete
marsupialisation is achieved. If other authors can achieve this
with cold steel (chisels and rongeurs) that is commendable but
the principles for success are the same. Our study has demon-
strated excellent short and medium-term results with this tech-
nique in the management of acquired epiphora matching that
of the original authors and equalling that of the external
approach. Our study also confirms that of Jin (25) who similarly
used a high speed diamond burr to remove maxillary bone

Table 5. Results of External, Endonasal DCR (EN-DCR), Endolaser
DCR (EL-DCR) and Mechanical Endonasal DCR (MENDCR).

Study No. of Technique Success

Patients (%)

Hartikainen et al. (15) 32 External 91

Cokkeser et al. (16) 79 External 89.8

Hartikainen et al. (15) 32 EN-DCR 75

Weidenbecher et al. (17) 56 EN-DCR 95

Sprekelson et al. (9) 152 EN-DCR 85.5

Cokkeser et al. (16) 36 EN-DCR 88.2

Eloy et al. (18) 28 EN-DCR 89

Moore (20) 36 EN-DCR 83

Yung and Hardman-Lea (21) 191 EN-DCR 89

Fayet (22) 100 EN-DCR 86

Onerci (23) 108 EN-DCR 94

(experienced)

Onerci (23) 50 En-DCR 58

(inexperienced)

Hartikainen et al. (19) 32 EL-DCR 63

Umpathy (8) 65 EL-DCR 56

Moore (20) 31 EL-DCR 71

Mirza et al. (24) 76 EL-DCR 64

Massegur et al. (26) 96 EN-DCR 92

(Chisel)

Massegur et al. (26) 40 EN-DCR 87
(Kerrison)

Tsirbas and Wormald (13) 105 MENDCR 95

Tan et al. 44 MENDCR 91
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reporting success rates of 83% after primary and 96% after revi-
sion surgery indicating that use of drills is becoming routine in
standard practice.

Modified Cold Steel Endonasal DCR 
Other modified endonasal techniques have been suggested.
Massegur et al. (26) compared two cold steel methods of bone
removal; in the first group of 96 endonasal DCR’s a 4 mm
curved Cottle chisel was used to remove the frontal process of
maxilla from 2 to 3 mm anterior to the lacrimal bone extend-
ing superiorly to just above the insertion of the middle
turbinate and down to the inferior turbinate. The second group
of 40 DCR’s had bone removal with Smith-Kerrison forceps in
addition to an inferior mucosal flap. They reported success
rates of 92.7% and 87.5% respectively, although had complica-
tions of orbital fat exposure and subsequent eyelid haematoma
in 5% and 17.5% within the two groups. We feel that the use of
an angled high speed diamond burr allows us to accurately
remove bone all the way up to the fundus of the sac with mini-
mal risk of orbital and lacrimal injury. 

Ostium Size
Poor outcome in traditional Endonasal DCR is attributed prin-
cipally to the size of the ostium created. Historically there have
been reports (27,28) that believed there to be no significance
regarding the size of the ostium but this has been widely dis-
puted. A study using CT Dacryocystography (29) to compare the
ostium size in patients who underwent successful and failed
DCR’s found that in 94% of failures the ostium was less than
15mm in size, as opposed to 60% of successful ones. This sta-
tistically significant result gives weight to the belief that ostium
size directly affects outcome. Studies have demonstrated that
there is a statistically significant shrinkage of the DCR ostium
in the first 4 weeks postoperatively but thereafter the ostium
size remains stable (30).

In our experience, cold steel techniques are unable to remove
enough bone to expose the sac sufficiently using the Hajeck-
Kofler punch. The only level I study comparing endonasal and
external DCR did not find a statistical significant difference in
outcome, however there was a trend demonstrating that exter-
nal outcomes were better (91% vs 75%). Other series have
reported outcomes from cold steel DCR to be comparable to
external, although were not tested to statistical significance.
Although powered equipment has been used in the past the
anatomy was poorly understood, hence inadequate opening of
the sac. The use of lasers has demonstrated a high failure rate.
This has been principally attributed to the difficulty of the laser
to penetrate the thick maxillary bone. Prolonged laser vapori-
sation of the maxillary bone results in thermal damage to sur-
rounding mucosa and resulting fibrosis of the ostium (31). The
high long-term re-stenosis rate has led some establishments to
discontinue use of the laser DCR (8).

MENDCR allows for excellent direct visualisation of the
anatomy and has results that are comparable to the gold stan-
dard. Guidelines on Endonasal DCR by the United Kingdom
National Institute of Clinical and Health Excellence (NICE) (32)

suggest a minimum follow-up period of 6 months, and include
both subjective and objective symptoms as markers of out-
come. We have incorporated these guidelines in the design of
our study with a minimum follow-up within our patients of 7
months. In addition, by using symptomatic improvement,
ascertained by our structured questionnaire, and objective
measures such as ostium patency and fluoroscein dye test, we
believe that we have tested the technique thoroughly. This
study has proven that the described technique of MENDCR is
reproducible with good medium term results and has a high
patient acceptability. 

CONCLUSION
The technique of MENDCR is a reproducible one with results
comparable to the original authors, and to the gold standard
external DCR. It is safe to perform with an acceptable learning
curve and avoids the risks of the external procedure including
ocular complications and external scarring. It can be performed
for both primary and revision surgery with equally satisfactory
results. The procedure is well tolerated and patient acceptabili-
ty is high. We would recommend this technique as an accept-
able alternative to external DCR and feel that the new gold
standard in the treatment of acquired lacrimal obstruction is
endonasal DCR.
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